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Abstract. The cuticle is a translucent film of polymeric nature that covers the 
aerial parts of higher plants. It constitutes the interface between the plant and the 
atmosphere and therefore, plays several crucial roles. In this work we present a 
review on the morphology, structure, and main components (cutin and waxes) of 
the plant cuticle. Main physiological functions of the plant cuticle are described 
and special emphasis is given to its interaction with xenobiotics and air pollutants. 
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1. The plant cuticle 
 
Most epidermal cells of the aerial parts of higher plants such as leaves, fruits and non-
woody stems are covered by a continuous extra-cellular membrane of soluble and 
polymerized lipids called the cuticle or cuticular membrane. Vascular plants have been 
protected by this complex mixture of molecules and biopolymers since they managed 
to establish themselves on dry land around 400 millions of years ago. The structure and 
composition of the cuticle varies largely among plants, organs, and growth stages [1] 
but it is basically composed by a cutin matrix with waxes embedded in (intracuticular) 
and deposited on (epicuticular) the surface of this matrix. In addition, remnants of the 
polysaccharide epidermal cell wall and trace amounts of amino acids may also be 
present in the plant cuticle [2]. Based on their constituents, the cuticle can be defined as 
a hydrophobic and non-reactive polyester with associated waxes. 
Plant cuticular material occurs in large amounts in both natural and agricultural 
plant communities: between 180 and 1,500 kg per hectare [3], considering that the 
weight of an isolated cuticle ranges from 2000 μg cm-2 (fruit cuticles) to 450-800 μg 
cm-2 (leaf cuticles). While the morphology and related nomenclature of the cuticle is 
still in dispute, most researchers agree that it is essentially a layered structure [1,2]. In a 
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cross section, the cuticle appears to blanket the outer epidermal cell wall. In some 
species, pectin material from the middle lamella is layered between the epidermal cell 
wall and the cuticular membrane. This layer can be chemically or enzimatically 
degraded to allow the isolation of cuticle samples. In terms of nomenclature, and from 
the innermost to the outermost layer, the cuticle consists of the secondary cuticle 
(cuticular or cutinized layer containing cell wall polysaccharides), the primary layered 
cuticle (cuticle proper or cuticularized layer) with embedded waxes, and the 
epicuticular wax layer. This model is showed in Figure 1. However, based on detailed 
morphological and microscopical descriptions, we can currently distinguish six 
different types of cuticles [1]. 
A special mixture of physical, chemical, mechanical and morphological properties 
give to the plant cuticle the characteristics of a unique and complex biopolymer. From 
a physiological point of view, the main function ascribed to the cuticle is to minimize 
water loss [4,5]. However, from a more general point of view, this role in the regulation 
of plant water is accompanied by other important functions: the cuticle limits the loss 
of substances from plant internal tissues and also protects the plant against physical, 
chemical, and biological aggressions. In this sense, the cuticle has been well 
characterized for its role in gas exchange, as a lipophilic sorption compartment, and in 
protecting against mechanical, UV irradiation damage, and herbivore and pathogen 
attack [4,6]. 
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Figure 1. Diagram of a mature plant cuticle indicating the different cuticular components. Taken from 
Jeffree [1]. 
 
 
 
 
2. Cuticular waxes 
 
Cuticular waxes is a general term that describes complex mixtures of homologue series 
of long chain aliphatics like alkanes, alcohols, alhehydes, fatty acids and esters, with 
the addition of varying proportions of cyclic compounds like triterpenoids and 
hydroxycinnamic acid derivatives [7,8]. Table 1 summarizes the main different classes 
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of waxes present in most plant cuticles, together with detailed information on their 
chemical structure.  
The main function ascribed to waxes is to limit the diffusional flow of water and 
solutes across the cuticle. Composition, structure, and degree of crystallinity of 
epicuticular waxes determine the important property of the wettability of plant 
surfaces. On the other hand, cuticular waxes may also contribute to the attenuation of 
radiation, both photosynthetically active and ultraviolet radiations [9]. Understanding 
the role that cuticular waxes play in any of these functions needs a deep insight into 
their chemical composition and its relation with their physical structure. This is a 
critical aspect that deserves further research. 
 
 
 
Table 1. Cuticular waxes components 
 
Component Chemical 
structure 
Range Main constituents Species 
Hydrocarbons CH3(CH2)nCH3 C21 - C35 C29, C31 Almost all 
Ketones R1COR2 C25 - C33 C29, C31 Brassica, Rosaceae, 
Leptochloa digitata 
Secondary 
alcohols 
R1CH(OH)R2 C29 - C33 C29, C31 Pisum sativum, 
Brassica, Rosaceae, 
Malus 
β-diketones R1COCH2COR2 C27 - C33 C29, C31, C33 Eucaliptus, Poa 
colenasia 
Monoesters R1COOR2 C30 - C60 C44, C46, C48, C50 Almost all 
Poliesters  Mr 800-1500  Gimnosperms 
Primary alcohols RCH2OH C12 - C36 C26, C28 Almost all 
Aldehydes RCHO C14 - C34 C24, C26, C28 Vitis, Malus 
Carboxylic acids RCOOH C12 - C36 C24, C26, C28 Almost all 
Terpenes and 
steroids 
  Ursolic and 
oleanolic acid, 
betuline 
Vitis,Solanum 
 
 
 
3. Cutin  
 
Cutin is the major constituent (between 40-80% of dry weight) of the cuticle and, from 
a chemical point of view, is defined as a polymeric network of oxygenated C16 and C18 
fatty acids cross-linked by ester bonds [7, 10]. Cutin can be depolymerized by cleavage 
of these ester bonds by alkaline hydrolysis, transesterification and other methods [7, 
11]. Any of these chemical methods yield monomers and/or their derivatives depending 
on the reagent employed. The 9- or the 10,16-dihydroxyhexadecanoic acid and 16-
hydroxyhexadecanoic acid are the major components of the C16 cutins. Only in some 
cases 16-hydroxy-10-oxo-C16 acid and 16-oxo-9 or 10-hydroxy C16 acid are main 
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monomers. Major components of the C18 family of monomers are 18-hydroxy-9,10-
epoxyoctadecaonoic acid and 9,10,18-trihydroxyoctadecanoic acid together with their 
monounsaturated homologues (Figure 2). 
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Figure 2. Chemical structure of the most common fatty acids present as building monomers in the plant 
biopolyester cutin.  
 
 
 
A suite of physical, chemical, and morphological properties gives the plant 
cutin the characteristics of a unique and complex biopolymer. These properties have 
been recently summarized and discussed in a comprehensive review [12]. Cutin is an 
amorphous and insoluble polymer; it shows very low water permeability, high specific 
heat and glass transition events within the range of physiological or ambient 
temperatures. Moreover, cutin shows interesting rheological properties: it can be 
considered as a viscoelastic polymer network. The interaction of these physical 
properties gives the plant cutin an interesting set of characteristics. Thus, isolated plant 
cuticles and cutins from several species showed significantly high specific heat [12]. 
This high value means that the cuticular material requires a greater amount of heat to 
raise its temperature one degree. Specific heat value of cutin is around 2-2.5 J K-1g-1, 
while cellulose, the main component of plant cell wall, has a specific heat of 1.5 J K-1g-
1. Although the cuticular material contributes only as a minor mass fraction to the 
whole leaves and fruits, it could play an important role as a thermoregulator in the 
course of the biophysical interaction between the plant and the environment. We are 
now starting to appreciate the complex physics, chemistry, and biology of this 
biopolymer that allows plants to minimize water loss while supplying them with a 
powerful, resistant yet flexible chemical barrier just at the interface with the 
atmosphere. 
 
4. The cuticle as an interphase between the plant and the atmosphere: the 
partitioning of xenobiotics 
 
The plant cuticle can also be considered a sink for both lipophilic and water soluble 
materials. Xenobiotics, pollutants, or any other compound may arrive at the plant 
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surface in the vapor phase, dissolved in droplets or in particulate form. If we consider 
that the surface area of the above ground parts of higher plants usually exceeds by far 
the area of the whole plant, it is particularly interesting to evaluate the amount of any 
compound of reference in the several compartments present in the plant surface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
KCA, cuticle/air
KCW, cuticle/water 
Water 
Cytoplasm 
Cell wall
Waxes 
Cutin 
A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOX, O3, SO2…. volatiles, pollutants 
Water, ethylene, 
terpenes 
Cytoplasm 
Cell wall
Waxes 
Cutin 
Boundary layer 
B 
 
 
Figure 3. Cuticle diagram showing some compartments included in the equilibrium partitioning model for 
the atmosphere/leaf system (A) and its interaction with selected pollutants (B). For more details, see text. 
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The partitioning of lipophilic organic material, the most abundant class of 
xenobiotics, between the atmospheric environment, the cuticle surface, and inside the 
leaf can be described using a model system of different compartments. A simplified 
model is represented in Figure 3A. In this scenario, equilibrium partitioning between 
the two different leaf compartments showed in this figure can be described using 
partition coefficients (K): KCW denotes the distribution of any compound between the 
cuticle and water, whereas KCA indicates its distribution between the cuticle and the air. 
Air can be considered as the atmosphere and water as the water solution present in the 
cell wall and cytoplasm. Partition coefficients at 25ºC for some reference compounds 
are given in Table 2. Data from this table indicate that the relative importance of the 
aqueous and the cuticle phase depends on the polarity of the compound; almost all the 
methanol can be found in the aqueous phase, while the more non-polar compounds are 
dissolved in the lipophilic compartments of the cuticle. The table clearly shows that the 
plant cuticle is an important compartment that accumulates persistent lipophilic 
compounds from the environment. The values of KCA follow the same trend, although it 
should not be forgotten the singular composition of the atmosphere and that these 
values have been obtained from the corresponding vapor-solid sorption isotherms. The 
KCA values demonstrate that the cuticle is highly favored in the air/cuticle partitioning 
and thus can be expected to effectively scavenge lipophilic molecules for the 
surrounding air. Even polar compounds like methanol accumulate a hundred times 
more in the plant cuticle compared to the adjacent atmosphere [6, 13] 
 
 
 
Table 2. Partition coefficients (25ºC) for the distribution of reference compounds between different plant 
compartments: the plant cuticle and water (KCW) and the cuticle and the atmosphere (KCA).  
 
Compound logKCW logKCA
Methanol -1.15 2.70 
Phenol 1.51 5.93 
2-Nitrophenol 1.84 5.13 
2,4-Dinitrophenol 2.47 6.12 
2,4,5-Trinitrophenol 3.13 8.76 
Perylene 6.45 10.20 
 
 
 
5. The effects of xenobiotics and pollutans on plant cuticle components  
 
The cuticle plays a major role in the interaction of the plant with atmosphere pollutants, 
mostly of antropogenic nature [13]. These pollutants can degrade the cuticle and their 
components and, in doing so, alter its function as a protective barrier (Figure 3B). They 
can be classified in: antropogenic (SO2, NOx, CO2, fluorine derivatives and O3), 
biogenic (CO2, water ethylene, isoprene …) and compounds derived from the 
biological reduction of pollutants (H2S from SO2, and NH3 from NOx).  
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Air contaminants and other gases are temporarily restricted to the interface 
between the plant and the environment. In this region three different phases coexist. 
First a liquid phase, due to water deposition, that wets the cuticle surface. This water 
can bind polar groups of the cutin or form molecular clusters inside the cuticle. This 
phase mainly acts facilitating the entrance of soluble pollutants, although chemical 
reactions can also happen. For example, NH3 and SO2-derived ammonia salts, strong 
mineral acids and reactive oxygen species such as hydrogen peroxide and hydroxile 
radicals can be generated. The second phase is of lipid nature, basically constituted by 
cuticular waxes and cutin. This lipid phase acts as a sink of the organic pollutants that 
are accumulated on the epicuticular waxes. Several chemical reactions have been 
described to happen. Sulfuric acid produced in the liquid phase can react with the 
hydroxile groups of long chain primary and secondary alcohols present in conifer 
waxes. Also, ozone can interact with parafins of epicuticular waxes, and NOx have 
been described to accumulate in the cutin matrix of some species. Nitrogen oxides can 
react with waxes causing erosion of the crystalline structures and therefore modifying 
their water retention capability. Finally, the gaseous phase is localized sensu stricto in 
the interface between the cuticle and the environment. Within this region the 
production of strong oxidants derived from the reaction between NOx and atmospheric 
O2 has been observed. It should not be forgotten the plant response leaching polar 
substances from the leaf to the cuticle surface as a consequence of acid precipitation, 
for example. These events can result in increase damage to the plant due to the loss of 
nutrients. 
To study the interaction of pollutants with the plant cuticle will allow us to 
understand how these compounds enter the plant, which factors modify the rate of 
penetration (temperature, relative humidity) and on which stage of development plants 
are more prone to be affected by these pollutants. Moreover, cuticle degradation would 
not only facilitate the ulterior diffusion of other pollutants but will also assist in 
pathogen invasion and herbivore attack as well as modify pest dynamics. Once these 
pollutants have entered the cuticle they could modify the cellular metabolism [9].  
 
 
Looking backwards, our current information on plant cuticle and cutin has been 
slowly obtained over the past three decades, thanks to the efforts of a limited number of 
research groups. We now have a model of plant cuticle that can partially explain the 
fascinating and complex properties (permeability, flexibility, and resistance to 
degradation) that are combined in this complex and composite barrier. Despite this, 
many questions remain unanswered, especially those regarding the link between cuticle 
composition, stage of plant development and how its modification (chemical, 
structural, etc) can affect plant survival. The challenge today is to use the best of the 
new molecular and biophysical tools to find appropriate answers to a basic 
physiological question: what is the relationship between cutin composition, structure 
and cuticular functions? 
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